Background: Alcoholism has been repeatedly associated with gray and white matter pathology. Although neuroimaging has shown alcoholism-related brain volume reductions and axonal compromise, the integrity of white matter volumes in chronic alcoholism has been challenging to measure on a regional level.
I
N NEUROPATHOLOGY WHERE white matter is affected, white matter volume loss likely contributes to impairments in cognition, emotion, and behavior. Neuroimaging has documented alcoholism-related abnormalities in gray matter (Fein et al., 2002; Makris et al., 2008) , as well as in white matter microstructure Pfefferbaum et al., 2009; Rosenbloom et al., 2003; Yeh et al., 2009) and macrostructure (Demirakca et al., 2011; Pfefferbaum et al., 1992 Pfefferbaum et al., , 1997 . This white matter damage could contribute to diminishment of communication among gray matter regions that normally function together as a network, leading to impairments that resemble disconnection syndromes (Geschwind, 1965) . Indeed, numerous associations between white matter pathology and impairments in alcoholics have been reported for visuospatial abilities (Muller-Oehring et al., 2009) , cognitive flexibility (Chanraud et al., 2009 ), executive functions (Chanraud et al., 2007) , and balance and psychomotor speed . Identification of regional variability in white matter loss can inform the etiology of these and other behavioral impairments in alcoholism.
Although diffusion tensor imaging has allowed for precise localization of white matter pathology in alcoholism, white matter volume loss most often is assessed at a fairly gross level. In this study, we employed a parcellation algorithm that allows for investigation of cortical white matter volumetrics on a finer scale (Salat et al., 2009 ) to confirm and more precisely localize previous reports of the relationship between prolonged alcohol abuse and white matter tissue volume in the corpus callosum, the cerebrum, and the cerebellum, as well as in the ventricles (Demirakca et al., 2011; Filley, 2001; Hommer et al., 2001; Kril et al., 1997; Oscar-Berman and Marinkovic, 2007; Pfefferbaum et al., 1997; Sullivan, 2003) . We expected that control participants would have larger white matter volumes than alcoholics, particularly in the corpus callosum and frontal lobes, as well as smaller ventricles. We further anticipated that among alcoholics, longer durations of alcoholism and higher quantities of alcohol consumed would be associated with smaller white matter volumes and larger ventricles. In addition, because it has been demonstrated that there is potential for white matter regrowth following injury in adult brain tissue (Davies et al., 1997) , and because recovery of white matter after periods of even brief abstinence among alcoholics has been reported (Agartz et al., 2003; Bartsch et al., 2007; Gazdzinski et al., 2010; Shear et al., 1994) , we expected that longer durations of sobriety would be associated with larger white matter and smaller ventricular volumes. Because rates of recovery of white matter following abstinence from alcohol may change over time (Mon et al., 2011) , we expected that the effect of sobriety duration would vary between early (<1 year) and later (1 year or more) abstinence.
Finally, the issue of gender differences related to the impact of chronic alcoholism on white matter has yielded conflicting results, with studies suggesting greater impact on women (Hommer et al., 2001) , greater impact on men (Pfefferbaum et al., 2001) , regionally specific gender differences , or no gender differences (Demirakca et al., 2011) . Differential findings likely are related to methodological differences among studies, especially participant characteristics such as drinking severity and length of abstinence. As such, we investigated white matter and ventricular volumes and their relationships with drinking variables separately in alcoholic men and women, as well as tested for gender interaction effects.
MATERIALS AND METHODS

Participants
Participants included 42 abstinent long-term alcoholics (21 women) and 42 demographically similar nonalcoholic control participants (21 women) ( Table 1 ). All were right-handed, native English speakers recruited through flyers placed in treatment and after-care facilities and in public places (e.g., churches and stores), and advertisements placed in newspapers and web sites. Selection procedures for both groups included an initial telephone interview to determine age, education, health history, and history of alcohol and drug use. Eligible individuals were invited to the laboratory for further screening and evaluations. This study was reviewed and approved by our human studies Institutional Review Boards, and participants gave informed consent for participation.
Participants were excluded if any source (i.e., Diagnostic Interview Schedule [DIS; Robins et al., 1989 ], hospital records, or personal interviews) indicated neurological dysfunction (e.g., head injury with loss of consciousness greater than 30 minutes, stroke, epilepsy, seizures unrelated to alcohol withdrawal, or Korsakoff's syndrome [Oscar-Berman, in press] ), electroconvulsive therapy, current or untreated major psychiatric disease (e.g., schizophrenic disorders), severe poly-drug abuse, HIV, or if they failed screening for magnetic resonance imaging (MRI) scanning.
Participants completed a medical history interview, vision test, handedness questionnaire (Briggs and Nebes, 1975) , and a battery of neuropsychiatric and neurological tests. All participants were administered the DIS to provide lifetime psychiatric diagnoses according to Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria (APA, 1994) . Alcoholic participants met DSM-IV criteria for alcohol abuse or dependence, drank more than 21 drinks/wk for at least 5 years, and had abstained from alcohol use for at least 4 weeks prior to testing. Participants also were given a structured interview to assess drinking history (Cahalan et al., 1969; MacVane et al., 1982) , which permitted the calculation of a Quantity Frequency Index (QFI) score for each participant.
Drinking History Variables
We selected 3 variables to test correlational hypotheses with brain volumes: duration of heavy drinking (DHD), average amount of drinking as measured by QFI scores, and length of sobriety (LOS) ( Table 1) . DHD is equivalent to the number of years during which alcoholic participants consumed 21 or more drinks per week. QFI scores approximate the number of drinks consumed per day, and take into consideration the amount, type, and frequency of alcohol consumption either over the last 6 months (control participants), or over the 6 months preceding cessation of drinking (alcoholic participants). For the 3 alcoholic participants who did not drink heavily (i.e., >3 drinks/d on average) during those last 6 months, we assessed the 6-month period during which they last drank heavily. LOS was calculated by subtracting the date of the participant's last drink from the date of their MRI scan.
Image Acquisition and Analysis
Data were acquired on a 3T Siemens (Erlangen, Germany) MAG-NETOM Trio Tim MRI scanner with a 12-channel head coil. Highresolution sagittal T1-weighted MP-RAGE scans (TR = 2,530 ms, TE = 3.39 ms, flip angle = 7°, FOV = 256 mm, slice thickness = 1.33 mm (128 slices), matrix = 256 9 192) were collected for all participants. For most participants, 2 such volumes were collected and averaged to aid in motion correction. An auto-align localizer was employed to adjust the acquired slices such that they run parallel to an imaginary plane between the anterior and posterior commissures.
Scans were analyzed using the FreeSurfer processing stream, version 4.5.0 (http://surfer.nmr.mgh.harvard.edu). Cortically associated white matter regions (Fig. 1A) were defined using an automated parcellation procedure (Salat et al., 2009 ) that classifies volumes of cortical white matter by their overlying gyral subdivisions according to a cortical gray matter parcellation (Desikan et al., 2006; Fischl et al., 2004) . The algorithm classifies white matter voxels as being associated with a particular cortical region by extending out 5 mm from the gray/white matter border, with a constraint not to extend into the centrum semiovale. For a complete listing of the 33 bilateral cortical white matter regions classified by this algorithm, see Salat and colleagues (2009) . Ventricular and anterior-posterior corpus callosum subdivision volumes (Fig. 1B) were estimated using an atlas-based segmentation algorithm (Fischl et al., 2002) . All individual cortical parcellations and subcortical segmentations were manually inspected to ensure accuracy of the classification algorithms.
Statistical Analyses
Statistical analyses were performed using IBM SPSS Statistics version 17.0.3 (IBM Corp., Chicago, IL) and JMP Pro version 9.0.1 (SAS Institute, Inc., Cary, NC). We employed a multilevel data analysis approach, wherein we conducted a series of statistical tests to investigate a set of research questions examining effects of alcoholism, drinking history, and gender on white matter and ventricular volumes. As white matter volume can vary with age and head size (Salat et al., 2009; Westlye et al., 2010) , all volumetric statistical analyses controlled for participants' ages and estimated total intracranial volumes (Buckner et al., 2004) .
Multilevel Region of Interest Approach. In addition to examination of total cerebral white matter volume, all statistical analyses were carried out on the first level in 8 major white matter and ventricular regions, each of which could be subdivided into a set of smaller component regions. These areas included the corpus callosum; white matter in the cerebellum, frontal, cingulate, temporal, parietal, and occipital lobes; and the ventricles. When a total/lobelevel region yielded significant findings, these were explored for further localization on a subsequent level by performing post hoc testing of the component regions . For cortical regions, the subregions were the gyral-associated white matter subdivisions according to the gray matter parcellation as defined in the Desikan atlas (Desikan et al., 2006; Salat et al., 2009) (Fig. 1A) . The 5 subregions of the corpus callosum are shown in Fig. 1B . These areas are arranged anterior-posterior, each covering 20% of the primary eigenaxis distance (approximately along the y-axis) through the corpus callosum. Ventricular component regions were left and right lateral and lateral inferior ventricles, and the third and fourth ventricles (Fischl et al., 2002 (Fischl et al., , 2004 . When statistical tests for the total/lobe-level regions did not reach significance, further tests were not conducted to minimize type I error.
Evaluation of Gender Differences. To examine gender effects, statistical testing was done first among alcoholics considered regardless of gender, then in each group of alcoholic men and alcoholic women considered separately, and finally tests for gender interactions were conducted. Analysis of the combined gender group allowed us to test our hypotheses with greater statistical power, as well as highlight how reports from gender-mixed groups of alcoholics may be masking effects specific to (or stronger in) a single gender.
Volumetric Statistical Testing. The first goal of this study was to determine which regions of the brain showed evidence for alcoholism-related white matter and ventricular volume abnormalities, and to determine the extent to which these effects were influenced by gender. To investigate alcoholism group, gender, and group 9 gender interaction effects on white matter and ventricular volumes, we first ran univariate analyses of covariance (ANCOVAs) including all participants in the study. Separate ANCOVAs were then run examining group effects considering just men and just women. The results of these analyses are reported in Table 2 and in Fig. 2 . The second research goal was to determine the impact of 3 measures of alcoholism severity on white matter and ventricular volumes among alcoholics, and to explore how these effects interact with gender. To test this, 3 separate partial correlation analyses (1-tailed) between white matter and ventricular volumes and (i) DHD, (ii) QFI scores, and (iii) LOS were calculated for the entire group of alcoholics, as well as in alcoholics broken out by gender. For each grouping of alcoholics, individuals whose drinking history metrics were outliers (Tukey extreme points) were excluded from correlations for that measure. Outliers existed only for QFI scores, which led to the exclusion of 4 participants from the overall alcoholic group: 3 alcoholic men and 1 alcoholic woman. When considering the alcoholic men and women as subgroups, the outliers consisted of 2 men and 1 woman. When a partial correlation was significant for one gender but not the other, a Fisher r-to-z test (2-tailed) was conducted to determine whether the partial correlation values differed significantly by gender. The results of these analyses are reported in Tables 3 and 4 , as well as in Figs 3, 4, and 5.
In addition, to further quantify the drinking variable effects, 3 separate multiple linear regression models were constructed for all total/lobe-level areas and component subregions with significant partial correlation findings. In each regression model, the drinking variable (DHD, QFI, or LOS), age, and intracranial volume were included as regressors. Table 4 notes the slopes (as Beta coefficients), as well as slopes as percentage of mean volume of each region of interest (ROI), to provide estimates of the volumetric impact of drinking variables by percentage of estimated tissue gain or loss. These multiple regression models for examining drinking variables were then run with a gender interaction term.
Finally, a preliminary examination of how LOS is associated with white matter and ventricular volumes in early and later abstinence among alcoholic men and women was conducted using partial correlations. For this investigation, alcoholic participants were divided into groups according to those who had been abstinent for <1 year (Fischl et al., 2002) are shown, with each region encompassing 20% of the anterior-posterior distance through the corpus callosum. ALC, alcoholics; NC, nonalcoholic controls. In all significant (bold font) group findings, volumes were smaller among alcoholics than among controls. Age and intracranial volume were included as covariates in the ANCOVA models. Significant group effects on total/lobe-level regions (found for corpus callosum only) were explored to determine which component regions contributed to the overall region effect. Corpus callosum results are highlighted in Fig. 2 . Fig. 2 . Group differences in total, mid-anterior, central, and mid-posterior corpus callosum volumes were significant when comparing alcoholic and control men, but not alcoholic and control women (*p < 0.05, **p < 0.01). Volume difference calculations are adjusted for age and estimated total intracranial volume. Error bars represent SEM. (n = 17, 7 women) and those who had been abstinent for a year or more (n = 25, 14 women). The results of this analysis are shown in Table 5 and Fig. 6 .
RESULTS
Participants
Results from univariate ANCOVA tests of group and gender effects on demographic, neuropsychological, and drinking history measures are reported in Table 1 . As a whole, alcoholics did not vary significantly from controls by age, education, or IQ (WAIS-III Full Scale). Alcoholic men were slightly less educated than control men, and control women were slightly older than control men. As would be expected, years of heavy drinking were significantly longer and quantity of alcohol consumed was significantly higher for alcoholics than controls, and these effects were significant when genders were considered separately. As would be %/year for DHD = b for DHD expressed as a percentage of the total region of interest (ROI) volume for that group/region. Each year of additional heavy drinking is associated with the reported percent volume loss (negative values) for that structure. %/drink for QFI = b for QFI expressed as a percentage of the total ROI volume for that group/region. Each additional drink per day is associated with the reported percent volume loss (negative values) for that structure.
%/year for length of sobriety (LOS) = b for LOS expressed as a percentage of the total ROI volume for that group/region. Each year of abstinence is associated with the reported percent tissue gain (positive values) for that structure. *p 0.05, **p 0.01, ***p 0.001. Significant findings are highlighted in bold.
expected given that most control participants were social drinkers, duration of abstinence (i.e., time from last drink until date of the MRI scan) was significantly longer among alcoholics than controls, and again this was true when genders were considered separately. Alcoholic men, on average, drank heavily for a significantly greater number of years than did alcoholic women. Although alcoholic men tended to have consumed higher quantities of alcohol and have shorter durations of abstinence than alcoholic women, these differences were not statistically significant. QFI was negatively correlated with corpus callosum volumes among alcoholic women (*p < 0.05, **p < 0.01). Plots display QFI score by region of interest volume (cubic millimeters). Data for alcoholic women are shown in pink; no significant correlations with QFI were identified for alcoholic men. Correlations are adjusted for age and estimated total intracranial volume. Table 2 summarizes all group and group 9 gender interaction effects observed for total/lobe-level white matter and ventricular regions. When considering just men, a significant effect of alcoholism was observed for total corpus callosum volume, which was smaller in alcoholic than control men. Following this significant finding, an exploration of the 5 corpus callosum subregions was conducted, showing significantly smaller volume in the mid-anterior, central, and midposterior sections of the corpus callosum among alcoholic men relative to control men. A trend existed for a similar effect among women, although this did not reach significance (see Fig. 2 ). When considering genders combined, significant differences in white matter volume between alcoholics and controls were observed again only in the corpus callosum; this effect was present in all 5 component regions. Significant group 9 gender interaction effects for total/lobe-level white matter and ventricular volumes were not observed, nor for any subregions.
Group and Gender Effects on White Matter and Ventricular Volumes
Drinking History Variable Associations with White Matter and Ventricular Volumes
Partial correlations of all total/lobe-level white matter and ventricular volumes with the 3 measures of drinking severity (DHD, QFI, and LOS) are reported in Table 3 . Table 4 summarizes component subregions of the total/lobe-level areas in Table 3 that were significantly correlated with any of the 3 drinking variables, and provides results from the multiple regression analyses of these regions.
Duration of Heavy Drinking. Figure 3 highlights white matter subregions where partial correlations with DHD were significant for either alcoholic women or alcoholic men. Longer durations of alcohol abuse were associated with smaller corpus callosum volumes among alcoholic men and smaller frontal and temporal white matter volumes among alcoholic women. Multiple regression analyses of these effects showed that each additional year of heavy drinking was associated with approximately 1 to 1.5% volume loss in these structures. Among all subregions showing significant correlations with DHD in one gender but not the other, only in the left precentral white matter did the correlation values differ significantly by gender.
Quantity Frequency Index. Figure 4 summarizes subregions where partial correlations with QFI scores were significant for either alcoholic women or alcoholic men. QFI scores were negatively associated with corpus callosum volumes and positively associated with ventricular volumes among alcoholic women. Multiple regression analyses of these effects showed that each additional daily drink for alcoholic women was associated with approximately 1.5 to 2.5% volume loss in the corpus callosum, and 8 to 12% volume increase in the ventricles. In the mid-anterior corpus callosum segment, QFI partial correlations differed significantly between alcoholic men and women, and the QFI 9 gender interaction in the multiple regression analysis for this region was also significant (b = À4.90, p < 0.05). Figure 5 displays subregions where partial correlations with LOS were significant for either alcoholic women or alcoholic men. These existed only in the corpus callosum, where longer LOS was associated with larger corpus callosum volumes among alcoholic men. Multiple regression analyses of these effects indicated that each additional year of abstinence among alcoholic men was associated with an approximately 1% increase in corpus callosum volume. In the mid-anterior corpus callosum segment, the correlation between LOS and volume was significantly different between alcoholic men and women.
Length of Sobriety.
Length of Sobriety in Early and Later Abstinence. Table 5 summarizes white matter and ventricular regions where volumes correlated significantly with LOS when grouping alcoholic men and women into subgroups by early and later abstinence (i.e., <1 year of abstinence vs. 1 year or more). When considering just alcoholics sober for <1 year, a significant positive correlation between LOS and white matter volumes was identified in many regions for alcoholic women, but none for alcoholic men. Conversely, when considering alcoholics sober for a year or more, . All significant subregional white matter volume correlations with length of sobriety are shown. Length of sobriety (LOS) was positively correlated with corpus callosum volumes among alcoholic men (*p < 0.05, **p < 0.01). Plots display LOS (years) by region of interest volume (cubic millimeters). Data for alcoholic men are shown in blue; no significant correlations with LOS were identified for alcoholic women when those early and later in abstinence were considered as a single group. Correlations are adjusted for age and estimated total intracranial volume.
volumes of several white matter regions correlated positively with LOS among alcoholic men, but none among alcoholic women. Figure 6 demonstrates an example of this pattern of partial correlation outcomes for total corpus callosum volume. Ventricular volumes among alcoholic men sober for <1 year were positively correlated with LOS, but this was not true among alcoholic women. Because small sample sizes were used for examining early and later abstinence, caution should be used in interpreting these results.
DISCUSSION
In this study, the relationships among drinking history variables and white matter and ventricular volumes were assessed in alcoholic men and women. Our multilevel data analysis approach allowed us to confirm effects in total/lobelevel white matter and ventricular regions, and then to explore these effects on a more focal ROI level than has been previously reported. Further, the interactions of alcoholism and drinking history with gender were studied. These analyses yielded stronger alcoholism group effects among men than women in corpus callosum volume (Fig. 2) . Years of drinking impacted alcoholic women primarily in frontal and temporal white matter (Fig. 3A) , whereas alcoholic men showed effects of prolonged alcoholism in the corpus callosum (Fig. 3B) . Quantity of alcohol consumed was associated with larger ventricles and smaller corpus callosum volumes among alcoholic women only (Fig. 4) , whereas LOS was associated with larger corpus callosum volumes among alcoholic men only (Fig. 5) . Examining early and later abstinence separately, white matter increases with longer durations of sobriety were observed among alcoholic women in the first year of sobriety, but after more prolonged abstinence among alcoholic men (Fig. 6 ).
Alcoholism Effects on White Matter and Ventricular Volumes
These analyses demonstrated a difference in corpus callosum volume between alcoholics and controls. In spite of evidence for larger corpus callosum volumes among alcoholic men with longer durations of sobriety, we found a stronger alcoholism group difference for men than for women, consistent with previous reports of alcoholism effects in the corpus callosum (Pfefferbaum et al., 1996; . Alcoholic men also showed a stronger impact of years of heavy drinking in the corpus callosum, where negative associations between years of drinking and volume were larger than they were among alcoholic women. Taken together, these results suggest that alcoholic men may be more vulnerable to white matter damage in the corpus callosum than alcoholic women. The corpus callosum was the only region in our analyses where significant group differences were identified, perhaps as a result of positive associations between longer durations of sobriety and larger white matter volumes in men and women alike (mean LOS among alcoholics was over 8 years). Thus, white matter volume group differences that may have been detectable after shorter durations of abstinence were possibly ameliorated. In addition, our results suggest that even when group-level differences cannot be detected in white matter volume, the impact of chronic alcoholism still can be detected by variability in volume on the basis of drinking history, in agreement with previous findings .
Drinking History Variable Associations with White Matter and Ventricular Volumes
More years of heavy drinking were associated with smaller white matter volumes in different regions for alcoholic men and women. This association was present for alcoholic women in cortically-associated white matter regions in the frontal and temporal lobes. In contrast, among alcoholic men, DHD was not associated with smaller volumes in any cortical white matter regions, but was in the corpus callosum. Many of the frontal white matter regions we identified as being sensitive to years of heavy drinking in alcoholic women are those that play a role in emotional regulation and reward functioning, consistent with other reports of white matter disruption contributing to impairments in these functions (Schulte et al., 2010) . Although DHD was positively associated with age, multiple regression analyses showed that DHD was a stronger predictor of yearly white matter volume loss in many regions.
This study demonstrated a negative correlation between quantity of drinking and corpus callosum volume in alcoholic women, but not alcoholic men. Larger ventricular volumes also were observed among only alcoholic women in relationship with the quantity of alcohol they consumed. Research demonstrating associations between white matter damage and binge drinking behavior (McQueeny et al., 2009) suggests that high concentrations of blood alcohol could be related to severe white matter deficits. Because women generally have higher blood alcohol levels with the same amount of alcohol consumed (Graham et al., 1998) , the impact of alcohol consumption quantity may be more easily detectable among women. This may explain in part why higher quantities of alcohol consumed were associated with smaller white matter volumes and larger ventricles among women, but not among men.
When considering alcoholic participants in early and later abstinence together, LOS was positively associated with corpus callosum volume among alcoholic men, but not among alcoholic women. That this effect was identified only among alcoholic men may be related to the finding that alcoholic men also showed stronger alcoholism group effects in the corpus callosum (suggesting that they had greater capacity for potential gains in corpus callosum volume relative to alcoholic women). The positive association between corpus callosum volume and sobriety duration among men only was consistent with the pattern found for participants later in abstinence (i.e., sober for more than 1 year), as described below.
Relationship of Length of Sobriety with White Matter and Ventricular Volume in Early and Later Abstinence
Throughout the brain, including corpus callosum, frontal, cingulate, temporal, and occipital regions, increases in white matter volume with longer abstinence were observed among alcoholic women with <1 year of abstinence. However, this relationship was not observed in any white matter region in alcoholic women with more than a year of sobriety. Conversely, no regional white matter volumes correlated with LOS among alcoholic men with less than a year of abstinence, but LOS was significantly correlated with corpus callosum and frontal white matter volumes among alcoholic . In many regions of interest (ROIs), longer length of sobriety (LOS) was associated with larger white matter volumes among alcoholic women sober for <1 year (top left), but not among alcoholic men sober for <1 year (bottom left). Conversely, in several ROIs, longer LOS was associated with larger white matter volumes among alcoholic men with a year of sobriety or more (bottom right), but not among alcoholic women sober for this long (top right). Plots show the dissociation of this relationship for total corpus callosum volume (*p < 0.05, **p < 0.01). Data for alcoholic women are shown in the top two graphs (pink); data for alcoholic men are shown in the bottom two graphs (blue). Correlations are adjusted for age and estimated total intracranial volume.
men sober for a year or more. This preliminary double dissociation, although based on a small sample size, suggests that white matter recovery may occur following shorter durations of abstinence for alcoholic women than for alcoholic men. In agreement with our results, a positive correlation between cortical white matter and LOS has been reported among alcoholic women with <1 year of sobriety .
When alcoholic participants were grouped by early and later abstinence, we found positive associations between LOS and white matter volumes, particularly among several frontal areas, consistent with frontal white matter restoration reported from a longitudinal study of alcoholics after 5 weeks of recovery (Gazdzinski et al., 2010) . While many longitudinal studies have reported increases in white matter following abstinence (Agartz et al., 2003; Cardenas et al., 2007; Demirakca et al., 2011; Gazdzinski et al., 2010) , these effects were consistently observed following brief (<1 year) periods of abstinence. A study comparing recovering alcoholics to those still drinking included some participants with longer periods of abstinence and found larger frontal white matter volumes among recovering alcoholics; however, this study included both men and women and did not specifically address gender differences in white matter recovery (O'Neill et al., 2001) .
Of note, in the sample used in this study, alcoholic men sober for less than a year had larger ventricles with longer LOS. As positive white matter associations with sobriety length were never observed in alcoholic men in association with these shorter durations of abstinence, we would not expect a corresponding decrease in ventricular volume. However, an increase in ventricular volumes with LOS is nonetheless unexpected, and may suggest that brain tissue shrinkage continues through the first year of abstinence in alcoholic men.
Limitations
In this study, our primary objective was to further localize effects within regions that are known to suffer white matter damage in chronic alcoholism, rather than to do an exploratory analysis of all regions in the brain. However, by only exploring subregions when a total/lobe-level region was significant, we may have failed to identify effects in isolated subregions (i.e., where similar effects did not exist elsewhere nearby).
In this sample of alcoholics, men tended to have indicators of more severe alcoholism than women, consistent with typical drinking history patterns reported in the literature (Dawson and Archer, 1992) . Although this contributes to differential effects by gender, it lends ecological validity to the findings. We recognize that several factors known to contribute to the integrity of white matter were not included in these analyses, such as cigarette smoking, body mass index, hormone therapy, and comorbid mood disorders. How these factors interact with drinking variables to influence white matter and ventricular volumes are important avenues of further study.
Whereas we included age as a covariate in our analyses, some studies have shown that aging effects on white matter volumes may be nonlinear (Westlye et al., 2010) , and that the interaction of aging and alcoholism on brain volumes is dynamic (Pfefferbaum et al., 1992 (Pfefferbaum et al., , 1997 . Furthermore, the effects of gender and alcoholism on volume may interact differently throughout the lifespan (Medina et al., 2008) ; thus, continued study of the interactions of aging effects with gender and drinking history is warranted. In addition, it has been suggested that microstructural changes in white matter precede macrostructural volumetric changes in alcoholism . Future studies should closely address the relationship between microstructural white matter changes and white matter volume loss in alcoholism.
CONCLUSIONS
This study confirms the effectiveness of utilizing gyrallyspecific white matter volumes as a complementary tool for multimodal investigations of the impact of alcoholism on the human brain (Buhler and Mann, 2011) . Our results support the understanding that to have a complete picture of alcoholism-related brain and behavioral abnormalities, it is necessary to consider the contribution of gender, as mixing genders may mask effects. Furthermore, this study has shown that exploring white matter and ventricular volumes at a focal level may be necessary to identify gender differences in the impact of chronic alcoholism, as changes in these volumes can be regionally specific.
